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During this investigation the mechanism whereby 2-(2,4,5-trichlorophenoxy) propionic acid (2,4,5-TP) prevents 
abscission in Packham's Triumph pears was studied with bean explants as a model system. An attempt was made 
to indicate a possible relationship between 2,4,5-TP and RNA and protein synthesis. It was found that 2,4,5-TP 
stimulated the incorporation of precursors into RNA and proteins of abscission zones during Stages I and II of 
abscission . Actinomycin D and cycloheximide (CHI) prevented abscission and inhibited the activities of cellulase 
and endo-polygalacturonase (endo-PG) in a similar way as 2,4,5-TP. The finding that 2,4,5-TP (which stimulates 
RNA and protein synthesis) and actinomycin D and CHI (which inhibits RNA and protein synthesis respectively) 
similarly affected abscission and enzyme activity, led to the conclusion that 2,4,5-TP probably exerts a selective 
gene repression during Stage I of abscission. It probably represses only the genes for enzymes involved in 
abscission, while stimulating the transcription of genes involved in growth and development. The stimulation 
of abscission following delayed applications of actinomycin D, CHI and 2,4,5-TP probably results from the ability 
of these compounds to stimulate ethylene evolution. Ethylene in turn could then stimulate enzyme synthesis, 
since adequate mANA's may have been formed prior to the application of the above compounds. 
Die meganisme waardeur 2-(2,4,5-trichlorofenoksi)-propioonsuur (2,4,5-TP) afsnyding van Packham 's Triumph-
pere voorkom, is met behulp van boontjie-eksplante as 'n modelsisteem ondersoek. 'n Poging is aangewend om 
'n moontlike verwantskap tussen 2,4,5-TP en RNA· en prote"iensintese aan te dui. Daar is gevind dat 2,4,5-TP die 
inkorporering van voorlopers in RNA en prote"iene van afsnydingsones gedurende Stadia I en II van afsnyding 
stimuleer. Aktinomisien-D en sikloheksimied het afsnyding voorkom en die aktiwiteite van sellulase en endo-
poligalakturonase (endo-PG) op dieselfde wyse as 2,4,5-TP gestrem. Aangesien 2,4,5-TP (wat RNA· en prote"iensintese 
stimuleer) asook aktinomisien-D en sikloheksimied (wat onderskeidelik RNA· en prote"iensintese strem) afsnyding 
en ensiemaktiwiteit eners be"invloed , is afgelei dat 2,4,5-TP moontlik 'n selektiewe geen-onderdrukking tydens 
Stadium I van afsnyding veroorsaak. Dit onderdruk waarskynlik slegs die gene vir ensieme betrokke by afsnyding, 
terwyl dit die transkripsie van gene betrokke by groei en ontwikkeling stimuleer. Die stimulering van afsnyding 
na vertraagde toedienings van aktinomisien-D, sikloheksimied en 2,4,5-TP is moontlik die gevolg van die vermoe 
van die verbindings om etileenvrystelling te stimuleer. Etileen sou dan ensiemsintese kon stimuleer, aangesien 
voldoende mANA's reeds voor toediening van bogenoemde verbindings gevorm kon wees. 
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Introduction 
In a previous study (Watts & De Villiers 1986a), bean explants 
were used as a model system to study the mechanism whereby 
2-(2,4,5-trichlorophenoxy) propionic acid (2,4,5-TP) prevents 
fruit drop in Packham's Triumph pear trees. It was concluded 
that 2,4,5-TP probably prevents abscission in bean explants, 
as well as in pedicels and fruit stalks of Packham's Triumph 
pears, through the maintenance of a favourable auxin gradient 
across abscission zones. This study was an attempt to elucidate 
the mechanism whereby such a favourable auxin gradient may 
prevent abscission. 
Some results implicate a de novo synthesis of RNA and 
protein as an essential prerequisite for the induction of 
abscission (Abeles & Holm 1967; Lewis & Bakhshi 1968; 
Lewis & Varner 1970). According to Addicott (1982) the 
modification of RNA metabolism is specific and essential for 
the initiation and continuation of biochemical reactions 
towards hormones. Since 2,4,5-TP prevents abscission and 
inhibits the activities of cellulase and an endo-polygalacturo-
nase (endo-PG) in bean explants (Watts & De Villiers 1986b), 
an attempt was made to determine whether a possible rela-
tionship exists between the action of 2,4,5-TP and its effect 
on RNA and protein synthesis. 
During this study the effect of 2,4,5-TP on the incor-
poration of radioactive precursors into RNA and protein 
during Stages I and II of abscission in bean explants was 
determined. The effect of actinomycin D and cycloheximide 
(CHI) on abscission and the activities of cellulase and endo-PG 
were also determined. If these inhibitors of RNA and protein 
synthesis did mimick 2,4,5-TP in their effects on abscission 
and enzyme activity, the implication would be that 2,4,5-TP 
may inhibit enzyme synthesis (and therefore abscission) via 
an inhibition of RNA and protein synthesis. 
Materials and Methods 
Explants of Phaseolus vulgaris cv. Top Crop were prepared, 
treated with 2,4,5-TP and tested for abscission as previously 
described (Watts & De Villiers 1986a), unless stated otherwise. 
The effect of actinomycin D and CHI on abscission and 
enzyme activity was determined as follows. Groups of 100 
explants were treated distally with 2 mm3 of a solution 
containing either 0,5 mg c~ - 3 actinomycin D or 125 J.lg em- 3 
CHI in glass-distilled water (pH 7 ,0). The solutions were 
injected next to the abscission line by means of a Hamilton 
syringe. This procedure is essential as both compounds are 
not readily translocated to the abscission zone (Abeles & Holm 
1966). Explants of control groups were treated similarly with 
glass-distilled water (pH 7 ,0). Delayed applications of the 
inhibitors were carried out as for 2,4,5~TP (Watts & De Villiers 
1986a). Following the respective treatments the explants were 
kept in the dark at 27°C and tested for abscission at set times. 
Cellulase and endo-PG were extracted and their activities 
determined as described (Watts & De Villiers 1986b). The 
determinations were performed at zero time and 60 h after 
excision of the explants. All determinations were done in 
triplicate. 
so 
Three treatments were employed to study the effect of 
2,4,S-TP on the incorporation of radioactive precursors into 
RNA and proteins of abscission zones. These treatments were 
based on the fact that the transition from Stage I to Stage 
II of abscission occurs about 21 h after excision of the explants 
(Watts & De Villiers 1986a). In treatment A 2,4,S-TP and 
the precursors were applied during Stage I. In treatment B 
2,4,S-TP was applied during Stage I and the precursors during 
Stage II. Treatment C involved the application of 2,4,S-TP 
and precursors during Stage II. 
Treatment A. Groups of 80 explants were selected and each 
explant was treated distally with 2,4,S-TP (or water for control 
groups) and left for 3 h at 27°C in the dark. Two mm3 of 
a solution containing either 740 kBq (2-14C)-uracil em - 3 or 
740 kBq L-CU- 14C)-leucine em - 3 were then applied distally 
to each explant and the explants returned to the dark. On 
set times (3,6, 12 and 18 h after application of the precursors) 
the abscission zones of the relevant groups of ex plants were 
excised. 
Treatment B. Groups of 80 explants were treated with 
2,4,S-TP or water as for treatment A and left in the dark 
at 27°C for 21 h, at which stage the radioactive precursors 
were applied as in treatment A. Following a further 6 h in 
the dark the abscission zones were excised. 
Treatment C. Groups of 80 explants were kept in the dark 
at 27°C for 21 h and then treated with 2,4,S-TP or water. 
Following a further 3 h in the dark, radioactive precursors 
were applied and the explants returned to the dark. After 6 h 
the abscission zones were excised . 
Following excision the groups of abscission zones were 
immediately immersed in boiling 80070 (v/ v) methanol for 1 
min and then stored (in the methanol) at - IS °C. All treat-
ments were performed in duplicate and the experiment was 
repeated (Experiment 1 and Experiment 2.). 
The extraction of RNA from abscission zones was per-
formed according to the method of Holdgate & Goodwin 
(1965). Aliquots (1 cm3) of the final RNA-extracts were added 
to IS cm3 Instagel scintillation liquid (Packard Co.) and their 
radioactivities determined in a Beckman LS-133-liquid scin-
tillation counter. The concentration of RNA in extracts was 
determined spectrophotometrically according to Abeles & 
Holm (1966) with yeast RNA (Sigma) as standard. 
The extraction of protein from abscission zones was carried 
out following the procedure of Sharma & Vanden Born 
(1972). Radioactivities of the final extracts were determined 
as described for RNA. Protein concentration was determined 
by the method of Lowry et al. (19S1) with bovine serum 
albumin (Miles Lab.) as standard. 
Results and Discussion 
Both actinomycin D and CHI, when applied during Stage I 
of abscission, prevented abscission, and delayed application 
had a similar effect on abscission as was previously (Watts 
& De Villiers 1986a) found with 2,4,S-TP (Table 1). 
These results confirm those of Abeles & Holm (1966), viz. 
that actinomycin D and CHI can prevent abscission in bean 
explants. The stimulation of abscission by 2,4,S-TP, acti-
nomycin D and CHI following delayed applications (i.e . 
applications in Stage II of abscission) may involve effects via 
ethylene, as these compounds stimulate ethylene synthesis 
(actinomycin D - Abeles 1968; CHI - Rasmussen & Jones 
1971; 2,4,S-TP - Watts 1984). Abeles (1968) attributes this 
abscission-accelerating effect of ethylene to a stimulation 
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Table 1 The effect of actinomycin D and CHI on 
abscission in bean explants. (Average ± standard 
error) 
Period Time to 50070 abscission (h) 
before 
treatment (h) Control Actinomycin 0 CHI 
0 50 ± 6,2 a a 
6 49 ± 4, 1 a a 
12 46 ± 4,2 a a 
18 44 ± 2, 1 73 ± 5,6 78 ± 3, 1 
24 48 ± 2,3 33 ± 3,4 35 ± 4,9 
a Abscission prevented indefinitely 
Table 2 The effect of actinomycin D and CHI on the 
activity of cellulase in abscission zones of bean 
explants. (Average ± standard error) 
Age of 
explants (h) 
o 
60 
Cellulase activity (Olo decrease in viscosity 100 
sections - ') 
Control 
16 ± 4,2 
66 ± 6,2 
Actinomycin 0 
14 ± 4,8 
24 ± 5,7 
C HI 
17 ± 4,6 
22 ± 6, 1 
Table 3 The effect of actinomycin D and CHI on 
the activity of endo-PG in bean explants (Average 
± standard error) 
Age of 
Endo-PG-activity (Jlg cm - 3) 
ex plants (h) Control Actinomycin 0 C HI 
0 0 0 0 
60 1,3 ± 0,2 0 0 
of de novo synthesis of hydrolytic enzymes, especially cellulase 
and pectinase. 
The activity of cellulase in abscission zones was strongly 
inhibited by actinomycin D and CHI (Table 2) and both 
compounds prevented the development of endo-PG-activity 
in explants (Table 3). 
The finding that 2,4,S-TP (Watts & De Villiers 1986b) as 
well as actinomycin D and CHI influence abscission and 
enzyme activity similarly, is a strong indication that the 
prevention of abscission by 2,4,S-TP may involve effects on 
RNA and protein metabolism. 
2,4,S-TP, following treatment A, stimulated the incor-
poration of radioactive precursors into RNA and protein of 
abscission zones during Stage I of abscission (Figures 1 & 2). 
This stimulation was maintained for the relevant incubation 
period. Application of 2,4,S-TP in Stage I and the precursors 
in Stage II (treatment B) also resulted in a stimulation of 
precursor-incorporation into RNA and protein (Table 4). 
Application of 2,4,S-TP and the precursors in Stage II of 
abscission (treatment C) also stimulated precursor-incor-
poration (Table S) . 
These results illustrate the ability of 2,4,S-TP to stimulate 
RNA and protein synthesis at any point of time following 
the excision of explants. No information regarding the effects 
of phenoxy acids on RNA and protein synthesis during 
abscission could be found in the literature. However, nume-
rous studies indicate that the stimulation of growth in general 
(by e.g. 2,4-D) involves a stimulation of RNA and protein 
synthesis (Sell et al. 1949; West et al. 1960; Cardenas et al. 
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Figure 1 The effect of 2,4,5-TP on the incorporation of 14C-uracil into 
RNA of bean explant abscission zones during Stage I of abscission (mean 
of two replicates). Control •--•; + 2,4,5-TP •----•. 
1968). According to Rebstock eta/. (1954) 2,4-D stimulated 
nucleic acid synthesis in bean stems. 
Reports about the effects of IAA on RNA and protein 
metabolism during abscission may be relevant since it was 
found that phenoxy acids and IAA affect RNA and protein 
synthesis in the same manner (Moore 1979; Ashton & Crafts 
1981). In this regard the results of this study are supported 
by those of Valdovinos & Ernest (1967) and Lewis & Bakshi 
(1968), viz. that IAA stimulated the incorporation of 14C-
leucine into protein abscission zones of cotton and Coleus 
during the retardation of abscission. These authors concluded 
that a sustained synthesis of protein is essential to prevent 
abscission. Further support for this view is the finding of 
Osborne & Halloway (1964) that auxin treatments (that 
prevented ageing and abscission) stimulated RNA and protein 
synthesis. 
The finding that 2,4,5-TP (which stimulates RNA and 
protein synthesis) as well as actinomycin D and CHI (which 
inhibit RNA and protein synthesis respectively) prevent 
abscission is difficult to explain. It is possible that 2,4,5-TP 
exerts a selective gene repression during Stage I of abscission 
by repressing only the genes for certain enzymes involved in 
abscission, while activating those genes essential for growth 
in general. This view is supported by that of Addicott (1982), 
viz. that ABA may have a dual effect on enzyme synthesis. 
It tends to inhibit enzymes involved in growth, while sti-
mulating enzymes involved in abscission. As auxins and ABA 
counteract the effect of each other on growth and abscission 
(Addicott 1982), it is not improbable that they have opposite 
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Figure 2 The effect of 2,4,5-TP on the incorporation of 14C-leucine 
into protein of bean explant abscission zones during Stage II of 
abscission (mean of two replicates). Control•--•; + 2,4,5-TP •----•. 
Table 4 The effect of 2,4,5-TP on the incorporation 
of 14C-uracil and 14C-Ieucine into RNA and proteins 
of abscission zones of bean explants following 
treatment sa 
Specific activitl 
Treatment 
Control 
+ 2,4,5-TP 
RNA (dpm mg - 1 RNA) 
Expt. I 
52 108 
93 426 
Expt. 2 
44 620 
85 301 
Protein (dpm mg - 1 
protein) 
Expt. I 
5 322 
8 620 
Expt. 2 
7 240 
9 950 
aTreatment B: 2,4,5-TP applied immediately following excision and 
precursors 21 h later. Protein and RNA were extracted 6 h after 
application of precursors 
b Average of duplicate determinations 
effects on enzyme synthesis. If 2,4,5-TP actually represses only 
certain genes for enzymes of abscission, it will probably do 
so solely in cells of abscission layers. The number of genes 
involved may represent only a small fraction of the total 
genome, so that a selective suppression would be masked by 
the total enhanced transcription at that point of time. How-
ever, this conclusion cannot be substantiated by the incor-
poration study used in this investigation. 
The results of this study may possibly be explained by the 
above view of a selective gene repression. With application 
of actinomycin D and CHI (as well as 2,4,5-TP) during Stage 
52 
Table 5 The effect of 2,4,5-TP on the incorporation 
of 14C-uracil and 14C-leucine into RNA and proteins 
of abscission zones of bean explants following 
treatment Ca 
Specific activitl 
Treatment 
Control 
+ 2,4,5-TP 
RNA (dpm mg - 1 RNA) 
Expt. I 
43720 
71 432 
Expt. 2 
38244 
69291 
Protein (dpm mg - 1 
protein) 
Expt. I 
4 122 
6503 
Expt. 2 
5 780 
9450 
aTreatment C: 2,4,5-TP applied 21 h following excision and precursors 
3 h later. Protein and RNA were extracted 6 h after application of 
precursors 
b Average of duplicate determinations 
I of abscission, no mRNA's for the enzymes of abscission 
would be formed. With delayed applications a stage would 
be reached (transition to Stage II) when these compounds 
would be ineffective, as enough mRNA's would already have 
been formed for the synthesis of enzymes of abscission . At 
this stage ethylene would probably stimulate enzyme synthesis. 
The observed stimulation of abscission by actinomycin D, 
CHI and 2,4,5-TP during Stage II of abscission may therefore 
be related to their stimulation of ethylene evolution . . 
Conclusion 
It is concluded that 2,4,5-TP may prevent abscission in bean 
explants through a repression of genes involved in the synthesis 
of abscission-promoting enzymes. This conclusion may also 
be reached for Packham's Triumph pears, provided that 
results obtained with the explant model system do reflect the 
situation in pears. The observed stimulation of RNA and 
protein synthesis by 2,4,5-TP may reflect its ability to sustain 
protein synthesis and growth in general, an ability that may 
be of some importance in the prevention of ageing and 
subsequent abscission . 
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